We assess informal institutions of Protestants and Catholics by investigating their economic resilience in a natural experiment. The First World War constitutes an exogenous shock to living standards since the duration and intensity of the war exceeded all expectations. We assess the ability of Protestant and Catholic communities to cope with increasing food prices and wartime black markets. Literature based on Weber (1904, 1905) suggests that Protestants must be more resilient than their Catholic peers. Using individual height data on some 2,800 Germans to assess levels of malnutrition during the war, we find that living standards for both Protestants and Catholics declined; however, the decrease of Catholics' height was disproportionately large. Our empirical analysis finds a large statistically significant difference between Protestants and Catholics for the 1914-19 birth cohort, and we argue that this height gap cannot be attributed to socioeconomic background and fertility alone.
Introduction
More than a century after the publication of Max Weber's (1905 Weber's ( , 1904 thesis on the existence of a Protestant "work ethic", research on the economics of religion is in full bloom. A series of studies has tried to provide empirical evidence for Weber's thesis, often within the scope of historical settings. Generally, researchers contribute to two competing strands of literature. The first concerns evidence that differences in social capital and social institutions result in differences in living standards between members of different denominations, such as the prevalence of networks, high incomes, accumulation of savings, resilience to risk, and the ability to cope with anonymous markets. The second strand argues that differences between Catholics and Protestants arise from different levels of human capital accumulation, i.e. education and skills.
This article aims to contribute to this inconclusive debate by exploiting a natural experiment in Germany during the First World War: the shortage of food and the emergence of black markets in war-affected and increasingly war-weary Germany. Apart from religious differences, the population in the area under observation is fairly homogenous, helping to rule out differences between test and control groups that may complicate cross-country comparisons. The economic responses of Protestant and Catholic communities to these harsh conditions may help to assess their relative abilities to cope with deteriorating material living conditions. Using terminal adult height data of some 2,800 Germans born before, during and after the First World War as a proxy for levels of early childhood nutrition, we find that Protestants were much less affected by deteriorating wartime living standards. Some of this advantage can be explained by differences in social status and fertility. However, we find a positive residual effect for Protestantism, suggesting that there are factors accompanying Protestantism that helped this societal group to fare considerably better than their Catholic peers during the war years, and these factors are unrelated to social status and fertility. This finding is also noteworthy from an economic history point of view since previous research largely ignored the role of institutions but highlighted the role of socioeconomic background to explain living standards in Germany during the First World War (Blum, 2013c , Cox, 2015 . The findings presented in this article suggest that factors beyond socioeconomic background are important to understand the factors that helped German Protestants to cope relatively well with deteriorating nutritional conditions 1914-19. This article proceeds as follows. The following section presents relevant literature on Protestant and Catholic social institutions and may help to interpret the findings presented in this article. Subsequent sections introduce the historical setting, especially the mechanisms leading to deteriorating living conditions in Germany during the First World War; the methodology and the dataset are discussed; and data are analyzed in order to gain insights into Protestant and Catholic wellbeing during the period under observation. The final section concludes.
A selective literature review: Weber, Protestants and the black box
This literature review intends to serve as a basis for interpreting and understanding differences in living standards between Catholics and Protestants in Germany before and during the First World War. Generally, there are studies emphasizing the role of socioeconomic background and human capital, and competing arguments based on social capital and institutions.
Essentially, both arguments pick up Max Weber's (1905) argument which indicates that Protestants believe in achieving salvation through worldly activities favoured an ethic of hard work and frowned upon excessive consumption. These reformed beliefs may have changed the economic incentives of followers, ultimately encouraging participation in more productive economic activities, fostering savings behaviour, and increasing capital accumulation (Arruñada, 2010) .
One strand of literature disagrees with Weber's core thesis. With a focus on differences in education and human capital, it is argued that the superior skills of the Protestants lead to an advantage in terms of income and welfare. Most prominently, Becker and Woessmann (2009) Catholicism, however, seems to be harmful only in a conservative milieu, indicating that not all societal groups are affected (Boppart et al., 2013 (Arruñada, 2010 , Inglehart, 1999 . 3 A potential consequence of this historical heritage may be reflected in Stulz and Williamson's (2003) finding that Catholic societies tend to do less to protect the rights of creditors than Protestant countries because of an alleged aversion towards usury. Similarly, Renneboog and Spaenjers (2012) , using modern-day Dutch household data, find that Protestantism is correlated with greater financial responsibility;
Catholic households tend to be more risk-averse and invest less in stock markets, putting a larger share of their money into savings. In a German case study, Spenkuch (2011) finds that
Protestantism induces individuals to work longer hours, and leads thereby to higher earnings and institutional factors or differences in human capital acquisition cannot account for this effect. Using modern-day survey data on some 25,000 individuals from a series of countries, Arrunada (2010) finds little support for Weber's "work ethic" hypothesis. However, this author finds evidence for a "social ethic", as Protestant values seem to encourage individuals to be more active in mutual social control, more supportive of institutions and less bound to close circles of family and friends.
Moreover, it can be argued that an important feature of religious groups is their clubgood characteristic. According to club good theory, individuals can be excluded from the benefits offered by a certain community (club) unless they join. In terms of religion, this view suggests that only members of a certain religious group benefit from the aforementioned institutional advantages, thereby concentrating benefits to the members of that group, to the exclusion of non-members (Colvin, 2011 , Iannaccone, 1998 , Buchanan, 1965 .
The enormous literature that has been inspired by Weber's (1904 Weber's ( , 1905 some European societies changed due to these institutional changes rather than investment behaviour and saving rates. As a result, governments changed their policies, helping merchants to protect their property rights and generating growth enhancing institutions (Acemoglu et al., 2005) . Elsewhere, authors emphasise the importance of the Industrial Revolution for subsequent economic growth and the economic and institutional changes this event triggered (Allen, 2012 , Fernihough and O'Rourke, 2014 , Landes, 1969 , North, 1994 .
The historical scenario: Germany before, during and after the First World War
How does this evidence relate to Germany during the First World War? Given its unexpected duration, intensity and impact on trading patterns, the German economy was unable to withstand the war-imposed shock, blindsiding both Catholic and Protestant communities. In light of the differences between the religious groups, it is reasonable to assume that the two communities dealt with these circumstances differently. Germany during the First World War was a place where illicit markets flourished; trustworthy relationships and networks with a nearby farmer, black marketers or relevant authorities could open the opportunity to purchase additional foodstuffs illegally at obscene prices; such an ability may have meant the difference between modest scarcity and starvation. In as much, the most important assets during this period were social networks; high incomes; an accumulation of savings; and openness to risk-taking.
Possessing these assets made it easier to use black markets to acquire the additional foodstuffs the official rationing system could not provide. According to the literature, these assets are predominantly held by Protestants.
During the years prior to the First World War, Germany's economic development had culminated. German GDP had grown considerably, both in absolute and per capita terms; population had grown in the order of 1.3 per cent per annum; and the country experienced rapid urbanization (Hoffmann et al., 1965) . The agricultural sector substantially changed from a producer of agricultural products to a refiner, gradually moving towards producing superior dairy and meat products using imported feed. This transformation was an answer to changes in the domestic demand for foodstuffs; Germans experienced income increases and demanded superior animal-based foodstuffs -a common trend in emerging economies (Blum, 2013a, Baten and Blum, 2012) .
The outbreak of war in 1914 resulted in a deterioration of living standards; this economic environment helps to isolate and assess Protestant and Catholic ability to adjust to changes in living standards. During the First World War (WWI), several factors created a challenge for society and the economy: mobilization reduced production capacities by absorbing the labor force, horses, and foodstuffs, thus reducing available resources and reallocating them away from consumption and towards war-relevant production (Broadberry and Harrison, 2005) . In this regard, Offer (1989) argues that the First World War was "not only a war of steel and gold, but a war of bread and potatoes". It is also worth mentioning that Germany, as any warring party, was not prepared to wage a four-year war that demanded an unprecedented amount of resources -Germany had initially hoped to win the war within six weeks. Moreover, despite long-term planning and investment in armament, the exact time of the war's outbreak was unexpected (Broadberry and Harrison, 2005, Blum and Eloranta, (forthcoming) and Fogel, 1920 , Ritschl, 2005 . Skalweit (1927) reports that net imports of pigs, grains, and margarine declined by 85, 98, and 81 per cent respectively between 1916 and early 1918. Moreover, nitrogen imports were used in the production of explosives, resulting in neglect of the agriculture industry's need for the production of nitrogen-based fertilizer (Fehr, 2009 ). In addition, general conscription drained the labor forces of all industries, agriculture and food production being no exception. An estimated 40 per cent of the agricultural labor force was absorbed by mobilization (Huber and Fogel, 1920) .
Consequently, resources used in the German economy were reallocated according to the needs of the war economy. Generally, resources became scarcer for civilian and intermediate industries, while war-relevant industries absorbed more resources. Ritschl (2005) for example reports that while production levels in war-relevant industries temporarily declined, in 1917
and 1918 their production exceeded pre-war levels. Among the industries with the most pronounced declines were residential construction and textiles, both of which served predominantly civilian purposes. Production of cereals and construction materials fell to 57 and 35 per cent of pre-war levels, while war-related industries such as mining, iron and steel, and non-ferrous metal production declined only modestly and in some cases increased (Ritschl, 2005 , Kuczynski, 1947 . Similarly, Baten and Schulz (2005) investigate corporate real profits between 1913 and 1917 and also find systematic differences between the aforementioned industries. Their results suggest that compared to pre-war levels, profits in war-relevant industries increased by 27 per cent (1916) and 14 per cent (1917) . In particular, industries involved in the production of chemicals, metals, and machinery increased profits, while real profits in the food, tobacco, and textile industries declined by almost half. Similar evidence can be obtained by investigating wages paid in the aforementioned industries. In general, all industries were forced to increase wages in order to outweigh inflation. Industries producing civilian consumption goods, such as textiles, leather, rubber, beverages, food, and tobacco, grew proportionally less while wages in war-related industries grew at a disproportionate pace.
Generally, Germany used a great deal of its economic capacity for military purposes on the expense of civilian consumption and investments (Zimmermann, 1932 , Blum et al., 2013 .
Fewer available resources and decreased imports to compensate for domestic shortages led to shrinking domestic production levels. Precise GDP estimates during the First World War differ, but it is safe to assume that production and national income declined somewhere around 30 per cent during the war. However, this average value underestimates the decline in production of foodstuffs and other consumption goods. Agriculture and food-related sectors especially suffered during the war economy. Flemming (1978) reports that while produced quantities of grains and potatoes increased prior to the war, production had fallen by a quarter by 1916 and by approximately half by 1918 compared with pre-war levels. For meat provision, evidence from the city of Dortmund suggests that official meat supply was held constant during the first half of the war, but it plummeted dramatically starting in the season 1916-17.
In Germany, like in other countries with low agricultural productivity, maximum prices were introduced and governments tried to purchase foodstuffs in the countryside at lower prices.
In contrast, richer countries allowed for higher food prices, encouraging farmers to produce and market their production. In Germany, a great deal of foodstuffs was distributed via a rationing system in order to limit inequality and prevent social unrest (Broadberry and Harrison, 2005, Allen, 1998 Another result of the insufficient rations provided to Germans and the existence of flourishing black markets was the unequal development of living standards between different social classes. Empirical evidence suggests that the heaviest burden was borne by the middle and lower classes, whereas the upper class could almost maintain pre-war living standards. The latter benefitted from superior financial resources which enabled them to purchase scarce foodstuffs on informal markets (Blum, 2013c) .
Methodology and data
The data base for this article does not allow precise tests for the nature of differences between these groups à la Arruñada (2010) who uses modern-day survey data to distinguish determinants of work ethic from those of social ethic in a series of countries. However, as Iannaccone (1998) states, religious data are often limited and unreliable since many aspects of religion are inherently difficult to observe; this holds even more so for historical settings in which data compilation and quality cannot be influenced. Therefore, the test scheme applied in this study is centred on the level and variation of the average height trends, and a binary variable reflecting a residual effect for Protestants allows assessing living standards of Protestants and Catholics in Germany prior to and during the First World War. Height measurements of Germans are used as an indicator for average living standards. This approach is deemed more appropriate because average height is closely correlated to nutritional and health conditions during a cohort's early childhood and using a binary variable to distinguish Protestants and Catholics allows a precise and objective identification of the members of one of these societal groups (Robinson, 2013 , Voigt, 2013a , Voigt, 2013b . The advantages of using anthropometric indicators are that these indicators reflect income earned through subsistence farming and black market activities, along with the insufficient reliability of official statistics (Steckel, 1995, Komlos and Baten, 2004) . It is reasonable to assume that subsistence farming was generally practiced by farmers and their extended families during times of scarcity. German authorities permitted farmers to slaughter some of their livestock for private purposes (Hausschlachtungen), allowing for consumption beyond rations and the marketing of these products on black markets. Conversely, for consumers, illicit trading was necessary to use their purchasing power to acquire foodstuffs beyond the official rationing system. On this account, it is doubtful that income statistics are superior for describing living standards during the First World War in Germany. Given the existence of food rationing and black markets, average height is a more appropriate proxy of living standards than income or wage statistics, since socialist elements introduced to the German economy partially uncoupled purchasing power from consumption (Blum, 2011) .
The rationale of this study is that differences in living standards -proxied by average height -of Protestants and Catholics can be traced before, during and after the First World War.
If the literature on superior Protestant abilities is correct, then we expect that, controlling for other influencing factors, Protestants fared better during this period and that Protestants were affected less severely by war economy and food rationing. We aim at explaining any differences with a set of socioeconomic factors and expect that especially socioeconomic background and sibship size help to explain differences in height and living standards.
The data set used here contains data about lower-ranking German soldiers from North- The geographical distribution of observations in the dataset constitutes a limitation regarding the representativeness. The core Protestant region in Germany is located in the centre and northern regions of historical Germany, although important smaller regional clusters exist in many parts of the country. The dataset used in this study is based on the population of such a mixed region. Also, this dataset does not allow to make any inferences regarding the female or the Jewish population in Germany. Generally, the physiology of adult females allows for more resilience in times of famine compared with men. However, heights are determined during the first years in life and we therefore do not expect a large female advantage. 6 This latter group refers to small and unknown denominations rather than German Jews. These data do not contain information about the Jewish population group due to persecution in Nazi Germany.
in Germany, such as French nationals from Alsace-Lorrain, Luxembourgians, and Austrians.
This measure allows for obtaining a German-only dataset, with analyzed individuals being ethnically homogeneous and stem from the same geographical region. We also have information of the precise place of birth. We are therefore able to eliminate biases related to cultural, institutional and socioeconomic background, enabling the comparison of like with like.
This has been an important feature in case studies on biological living standards in the 'two Germanies' and the 'two Koreas' Kriwy, 2003, Pak, 2004) .
The remaining data set is composed of some 2,800 soldiers mainly from the western part of Germany (see table 3 ). 7 We follow Armstrong (1972a) in that we categorize soldiers by father´s occupation, assuming that the occupational background of the main income-earner at the time proxies socioeconomic status, human capital and family income. Categories includein ascending order -unskilled, semi-skilled, skilled, semi-professional, and professional; we group all individuals into three clusters in order to obtain categories for low, medium, and high Model two extends the basic set up by controlling for differences between Protestants and Catholics. The former serves as the reference category while three interaction terms reflect differences between Catholics born before, during and after the war and their Protestant peers.
In model two size and level of statistical significance of the coefficients testing for pre-war and post-war differences are reduced; the coefficient testing for a difference between Protestant and Catholics who were born during the war, however, suggests that Catholics who were born during the war were approximately 0.8 centimeter shorter than the corresponding Protestant peer group. Also, controlling for Catholic war-cohort reduces the coefficient representing the general war-cohort dummy and this coefficient is not significantly different from the pre-war coefficient, suggesting that the drop in height found in model one has to be attributed partly to the Catholic community.
In models three and four we aim at explaining the difference between Catholic and Protestant heights by adding controls for socioeconomic factors. The literature suggests that potential differences lie in education, occupational attainment and fertility (Becker et al., 2010, Becker and Woessmann, 2009 ). The rationale behind this strategy is that there might be differences in socioeconomic features leading to differences in height. Simple descriptive statistics suggest that differences between these groups in terms of occupational status are almost negligible ( figure 1; table 4) ; approximately 14 to 15 per cent of each group is categorized as high-skilled and the share of low-skilled occupations is also very similar.
However, Protestants and Catholics differ in one key respect: we find that the latter group's family size is higher -each Protestant in the sample reported to have approximately 2.9 siblings while Catholics reported to have approximately 3.8 siblings on average.
[place table 4 here]
In model three we take into account evidence that highlight the importance of socioeconomic status and human capital for explaining Protestants' economic success. We control for the socioeconomic background of an individuals, measured by the level of sophistication of fathers'
occupations. Individuals are categorized into three socioeconomic groups according to the scheme suggested by Armstrong (1972b) : Individuals are identified as having a high socioeconomic background (Armstrong's 'professional' and 'semi-professional' categories), medium socioeconomic background ('skilled'), and low socioeconomic background ('semiskilled' and 'unskilled'). The group we identify having a low socioeconomic status is approximately one centimeter shorter compared to those from a medium background; children from upper societal strata tend to be approximately 1.5 centimeter taller than this reference.
More importantly, including this control does not reduce the estimated height difference between Protestant and Catholic war cohorts; in fact, this height difference seems to be unrelated to social class in general.
In another attempt to explain height advantage of Protestant during the war we add a metric variable reflecting the number of siblings of each individual (model four). We find a negative relationship between sibship size and height and each additional sibling reduces the estimated height by 0.2 centimeters. An important feature of this model is the somewhat smaller coefficient of the interaction term identifying Catholics born during the war, suggesting that to some extent height differences might be the result of difference in family size, not socioeconomic background per se. We also tested for an interaction effect of sibship size and birth during the war years, assuming that large families are facing disproportionately more problems to support their children during the war; however, the results presented in model six do not support this hypothesis. Most importantly, despite the inclusion of a proxy for fertility the disproportionately large drop in height of Catholics during the war prevails and this coefficient is statistically significant. The negative coefficient of sibship size is in line with the wider body of literature, which suggests the existence of a 'quantity-quality' trade-off where a higher number of siblings is correlated with lower resource provision per child. Conversely, smaller family size has been found to correlate with school enrollment, literacy and occupational attainment (Klemp and Weisdorf, 2012 , Becker, 1960 , Becker and Lewis, 1973 , Becker et al., 2010 , Fernihough, 2011 In addition, all models control for the size of an individuals' place of birth. Rural dwellers often enjoy closer proximity to food production which can result in lower prices paid due to the absence of intermediaries (Baten, 2000, Martínez-Carrión and Moreno-Lázaro, 2007) . Especially during the First World War German authorities were keen to enforce the rationing system in attempt to prevent illicit trade, which was concentrated in and around urban areas. Illicit trade was therefore easier in rural regions. On the other hand, West Germany during the period under observation was highly integrated due to modern infrastructure and communication, allowing information and goods to be easily exchanged between rural and urban areas (Baten and Wagner, 2003) . As a result, rural dwellers may have also enjoyed lower transaction costs during the time the rationing system was in place, as the authorities were more assertive in urban areas. However, empirical results do not confirm a general disadvantage of urban citizens or even an 'urban penalty'; coefficients differentiating rural and urban backgrounds, and an interaction variable combining rural background and the war cohort are consistently small and statistically insignificant (not shown here).
A set of binary variables identifying the year of medical examination is included to take changing drafting strategies into account. For example, during peacetime physical fitness requirements were often stricter and military services easier to postpone than during wars. We also include controls for individuals who were medically examined at an age younger than 20.
Ex-ante, we do not exactly know at which age individuals are fully grown, but it is likely that younger ages correspond with shorter heights as individuals' height growth process was not yet complete at the time of medical examination. In the case of Germany, under-aged draftees were used as supporting staff in various units, especially towards the end of the war. Moreover, all models include controls for region fixed effects which to capture possible influences related to an individual's region of origin. Including this control is motivated by the concern that characteristics attributed to Protestant abilities are associated with regional characteristics that preceded the Protestant Reformation (Iannaccone, 1998 , Samuelsson, 1993 , Tawney, 1926 .
We also address the possibility that Catholics and Protestants are unequally distributed geographically, but that each group possibly tends to live in separate regions within Germany and that characteristics of regions could contribute some explanatory power to the regression models (Basten and Betz, 2013) .
Conclusion
We contribute to the literature on the economics of religion by investigating Protestant and conservative estimation strategy in that fertility is considered to be exogenous to religious affiliation; if one considered higher fertility as part of the Catholic bundle of institutions the effect of Catholic social institutions on the levels of wellbeing in this historical setting would be larger still.
The findings regarding declining heights and height divergence must be discussed within the historical setting. Generally, there is no evidence for discrimination against on societal group and pregnant women and children from both groups were often provided with extra rations to minimize the detrimental effect of the famine. For example, depending on availability children in the cities of Cologne and Koblenz received extra rations of fresh or condensed milk, rusk and sugar. Towards the end of the war, school children received a dish of soup in the morning to limit starvation and to help them concentrate in class. When rations needed to be cut, authorities tried to favour children on the expense of adults (Bott, 1981) . 9 The very fact that the war cohort was disproportionally well-fed due to the provision of extra rations suggests that the population as a whole probably fared worse in comparison; evidence provided in this study therefore probably underestimates the full extent of the famine.
Do the results of this study allow solving the mystery of presumptive superior Protestant abilities? For the period before the war, we cannot observe any statistically significant differences in net-nutritional standards of Protestants and Catholics. If there were any relevant differences in this regard, it required serious food shortages to bring them to light, or at least to allow detecting them with the toolkit of an economist. However, these differences in biological living standards are robust, statistically significant and its magnitude is not negligible if evaluated within the historical setting. In an increasingly industrializing society it is reasonable to assume that any differences in net-nutrition decrease since decreasing returns to nutritional intake reduce the marginal effect on heights (Blum, 2013b) ; future research will have to address the question whether differences in living standards change over time, i.e. are reduced in the course of economic development.
What is beyond the scope of this study is the criticism brought forward by other authors.
Critics often argue that not all Protestant societies have exhibited a work ethic, nor do all societies that have exhibited a work ethic are Protestant ones. Also, many other hypotheses address the question whether some countries are rich and others are not, and the majority of these hypotheses are not addressed by Weber's 'Protestant Ethic'. Note: Low-skilled occupations refer to Armstrong's (1972) 'unskilled' and 'semi-skilled' categories; High-skilled occupations include 'semi-professional' and 'professional' categories. Note: All regressions include robust standard errors. ***, **, and * refer to statistical significance at the 1%, 5%, and 10% level, respectively. Robust t-statistics are shown in parentheses. Controls for city size include an interaction term, identifying individuals who were born during August 1914 and June 1919 in an urban area.
